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Dr. Edwin Bishop has made subs tan t ia l  progress i n  h i s  work on the 

i n t e r n a l  temperature d i s t r ibu t ions  i n  idealized models of the planets  

Jup i t e r  and Saturn. 

type rout ine f o r  two-dimensional integrat ions of a general non-linear 

heat-conduction equation have been overcome, and the routine has been found 

t o  be capable of handling integrat ions employing an ac tua l  model of the 

A number of technical  problems with the Runge-Kutta 

p lane t  Jup i t e r ,  t h a t  of W.C. DeMarcus. It  turns out  t h a t ,  whenever loca l ly  

the quantity 

d i f f u s i v i t y  and e$-t- and le'& a re  r a d i a l  and temporal i n t e rva l s ,  t h i s  

t / S q z  < 0-f;" , where 9 is  the loca l  value of - 
rout ine,  a s  one might expect from the theory of the process applied t o  

the l i n e a r  case, generates dZvergent r e s u l t s .  

For the Jup i t e r  case,  thermal h i s t o r i e s  can be computed (on the 

ZBM system 360) i n  mns  of reasonable duration provided the cen t r a l  core 

is omitted from the thermal p ro f i l e .  The existence of  such a dense core 

is conjectural ,  and i n  DeMarcusT model, based on extrapolated equations 

of s t a t e  for hydrogen with some hel5um admixture, w a s  added primarily t o  

yield the cor rec t  t o t a l  mass consis tent  w i t h  cons t ra in ts  imposed by the 

observed cent r i fuga l  f la t ten ing .  Therefore, a s l i g h t  inner-boundary- 

condition modification w a s  incorporated, based upon the  observation t h a t  

one may subs t i t u t e  for the  temperature p r o f i l e  of any portion of the body, 

from the center  /L= 0 t o  some radius 2 , 01 2 .( 2, , 
the planet ' s  radius ,  a s ingle  function of  I- the - - time. - I  Work _I is - proceeding - -I on 

J u p i t e r  models on this basis .  



The cutoff  i s  taken a t  

assumed law of metal l ic  conduction 

the core boundary, where with an 

DeMarcas, the d i f f u s i v i t y  becomes too large t o  meet the required s t a b i l i t y  

c r i t e r i o n  without a ten-fold decrease i n  t i m e  s t e p  t h a t  renders in tegm-  

tion-run duration prohib i t ive ly  long. 

DeMarcus the  core region extends t o  an appreciable f r ac t ion  of the radius,  

and i n  any event it would be desirable  t o  obtain temperature p ro f i l e s  of 

these core regions if evaluation i n  terms of hypothetical  phase t r ans i t t ons  

should be wanted i n  the future.  Therefore the po ten t i a l ly  much f a s t e r  

imp l i c i t  or Crank-Nicholson technique has been programmed f o r  the problem. 

In the  l i nea r  case,  the method has no s t a b i l i t y  iws t r ic t ion  on the s i z e  

of , which can be adjusted for optimum integration-run duration over 

a fixed model-time in t e rva l ,  balancing the number of convergence i t e r a t i o n s  

per  s t ep  f o r  a fixed accuracy against  the model-time in t e rva l  per  step.  

In  the case of the Saturn model of 

Preliminary r e s u l t s  indicate  t h a t  i n  the present non-linear context, 

the method does obviate the necessity t o  keep 9 S f / S h L  5 f7* 5- and is  

a t  l e a s t  comparably f a s t ,  with equal time s teps ,  with the R.-K, process. 

The progress of work w a s  delayed by the change-over t o  the IBM 

360/95 a t  the Goddard Space Instftvte i n  New York, should ul t imately 

bene f i t  g rea t ly  from the gaster  machine, especial ly  with the Runge-Kutta 

in tegra t ions ,  where run durations,  while no t  prohibi t ive i f  core regions 

a re  omitted, are  s ign i f i can t  enough t o  l i m i t  the number of systematic 

model-parameter var ia t ions  t ha t  can be investigated.  


